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ABSTRACT
High-reliability organizations (HRO) and organizations in isolated, confined environments (ICE)
both operate under conditions where reliability is expected, but do not appear to have similar 
emphases placed on total reliability, based on a brief survey of the literature. A content analysis 
searched out a stronger relationship between HRO and ICE. Leadership and team size are 
hypothesized as differences between HRO and ICE, since the literature appears to show HRO as 
taking place in larger teams with more distinct hierarchies. This dissertation examined this 
postulation, based on two sub-hypotheses. Hypothesis 1 is that the error rate of a team's actions 
is inversely related to the size of the team, based on the distinction between HRO and ICE. 
Hypothesis 2 is that transformational leaders in ICE reduce the number of human errors 
compared with transactional leaders, since Bass suggests transformational leaders better inspire 
their teams to improve. Two datasets were gathered to test these hypotheses. The first, in support 
of Hypothesis 1, was a meta-synthesis of team literature. The second, in support of Hypothesis 2,
were new recordings of extra-vehicular activities (EVAs) from two crews at the University of 
North Dakota Inflatable Lunar/Martian Analog Habitat (ILMAH). The result for Hypothesis 1 is 





This paper seeks to better define reliability, with reference to how it is performed in 
isolated environments. Mission reliability is a key concept in space exploration. One definition 
of reliability states that it is "the quality of being trustworthy, or of performing consistently well."
(Oxford University Press, 2018).1 Astronauts participating in lengthy off-Earth missions are 
concerned with reliability of systems, especially in locations where it is difficult to communicate 
with Mission Control. A potential approach to increasing reliability for these missions lies in the 
intersection of teams operating in isolated, confined environments (ICE) – which include the 
space environment – and high-reliability organizations (HRO). There may not be as high an 
emphasis on reliability in ICE as there is within an HRO. Understanding why this is, and whether
this is an issue for astronauts, could be a way of improving reliability procedures for operations 
in ICE environments more generally. 
While it is difficult to define ICE precisely – different researchers have different 
expectations of how isolated and extreme the environment is – what is agreed upon is that the 
environment is dangerous, going home is difficult or impossible, and that crews must be mainly 
reliant upon themselves to achieve their work. (Golden, Chang & Kozlowski, 2018; Sandal, 
Leon & Palinkas, 2006.) ICE has variously been used to describe underwater or Antarctic bases 
(Palinkas & Anderson, 2003; Kanas et al., 2010), prisons (Suedfeld & Steel, 2000), spaceflight 
(Suedfeld, Brcic & Legkaia, 2009; Jacubowski et al., 2015) or exploring remote areas (Leon, 
1 This definition of mission reliability should not be confused with statistical reliability, which is defined as: "the 
degree to which the result of a measurement, calculation, or specification can be depended on to be accurate." 
(Ibid).
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Sandal & Larsen, 2011). Some researchers describe these missions also as being monotonous 
(Bishop, Grobler & Schjoll, 2001).
Clearly, reliability is a priority in ICE. Simply put, ICE environments are defined as 
regions with little to no external support, meaning a single mistake there can lead to catastrophic 
consequences. Indeed, performance issues are reported as common in long-duration isolated 
conditions, such as in Antarctica, leading authors to point out a need for better studies concerning
how to improve human performance. There are many facets under study, including psychological
issues, interpersonal conflict, expectations for privacy and on the social side, how the crew is 
organized and led. (Stuster, 1996, 4). While reliability is addressed to some degree in ICE 
literature, there is less discussion than is found in HRO papers about reliability aspects such as 
accountability, wariness, error-reporting and frequency of errors. 
HRO was first defined during studies of reliable organizations in the 1980s, at the 
University of California, Berkeley, principally by researchers Karlene Roberts, Gene Rochlin and
Todd LaPorte. A paper from that era states the research interest arose because a "small group of 
organizations" in American society can do highly technical tasks daily without failing. As 
examples of HRO, the authors cite utility grid management, air traffic control, and flight 
operations aboard U.S. Navy aircraft carriers. (Rochlin, La Porte & Roberts, 1987). Some of the 
characteristics of high reliability organizations include paying attention to emergent problems 
(Rampersand, & Rampersand, 2007; Brass, Olney, Glimp, Lemaire, & Kingston, 2018), using 
failures as an opportunity to implement "lessons learned" (Christianson, Sutcliffe, Miller &  
Iwashyna, 2011) , and using procedures and routines to deal with a rapidly changing 
environment (Roberts, 1990; McIver, Lengnick-Hall, Lengnick-Hall, & Ramachandran, 2013.)
In terms of reliability, multiple publications emphasize the importance for leadership to 
ensure safety, although the mechanisms by which leaders can enforce reliability are still poorly 
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understood. (Martínez‐Córcoles, 2018, 237). While it is simplistic to blame failures solely on 
human error – error is one larger part of systems theory that examine why incidents occur – 
understanding why errors occur does improve the reliability of systems when the "root causes" of
those mistakes are uncovered, whether those errors are due to leadership, badly designed systems
or other causes (Wickens, Lee, Liu & Becker, 2004, 367-369; Dekker, 2006, 15). However, much
of the literature on error-making and leadership comes from conditions that are not isolated, e.g., 
factories or large organizations. This leaves open questions about how leaders lead in ICE, and 
reduce errors. Paradoxically, in ICE the role of leadership may be diminished because of the 
isolated condition in itself. At least one meta-analysis showed that the unusual experience of 
living together in close quarters and under harsh conditions may make it more difficult for 
leaders to assert their rank and to make decisions based on status, because hierarchies in these 
locations tend to be more informal. However, prevalence of mistakes was not quantified. 
(Stuster, ibid, 96). There are, however, many different influences that could affect the rate of 
error-making in ICE teams, including the impact of isolation, confinement or the extreme 
environments in which teams operate.
Team sizes of three to six people are common both in spaceflight and in analog ICE 
environments, in part due to the size constraints placed upon crews by available crew size in 
habitats and the limits of environmental supports such as air or water (Ark, Sipes, Holland & 
Cockrell, 2010; Duchesne & Tressler, 2010; Suedfeld & Steel, 2000). If crew sizes diminish 
below a certain threshold, crew goals cannot be fully achieved due to maintenance requirements 
of the facility. This is what happened with a 2018 HI-SEAS team that ceased operations in part 
due to physical and psychology issues leading to several team members leaving their posts 
(Koren, 2018.)
A 1997 meta-analysis showed that in organizations, group size as well as composition 
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determine overall team performance and satisfaction (Furnham, 1997.) In ICE, however, success 
of a team may not only depend on size, but also on individual crew member's personalities, 
specifically the ability to cope in challenging circumstances. (Sandal, Bergan, Warncke, Vaernes 
& Ursin, 1996; Sandal, 2000). Certain functions in ICE may also be offloaded to an offsite team. 
Mission Control in Houston, for example, controls the mission planning, consumption of fuel 
and oxygen, and other facets so that NASA crews may focus on orbital tasks (Kraft, 2001, 100). 
It is especially important for a larger organization to create a culture of safety, because otherwise 
even the best-performing team may overlook issues in favor of the organization's direction 
(Padgett, Gossett, Mayer, Chien & Turner, 2017; Gaw, Rosinia & Diller, 2018).
It is unclear whether leadership influences teams in ICE, among the other conditions 
cited. Moreover, if leaders do impact ICE teams, a related question is whether leaders can reduce
errors in those teams despite the unique challenges of the environment. This dissertation explores
two hypotheses concerning leaders, and the teams that they govern. To explore the possible 
impact of ICE on team errors, Hypothesis 1 states that the error rate of a team's actions is 
inversely related to the size of the team; as the team size increases, error diminishes. This is 
because the literature suggests that HROs are part of larger teams than ICE, so accordingly, it 
may be that HROs have more team members and can thus concentrate more fully on reliability. 
For example, a team working in a nuclear power plant or on an aircraft carrier may number in the
dozens or more, while ICE teams tend to be limited to much smaller sizes of under 10 people, 
and commonly in spaceflight, between three to six people.
As will be explored later in this paper, Bass (1990) is a key reference in describing 
leadership styles, and in his highly cited work, he points out that transformational leaders inspire 
their teams to go beyond the minimum requirements – something that a transactional leader fails 
to do. Paradoxically, although a transactional leader focuses on avoiding mistakes, a 
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transformational leader may do better from a productivity perspective because their actions focus
on the good of the group – thus inspiring people to work harder and do actions to help the team. 
(Ibid). While Bass does not state this explicitly, perhaps this relates to reliability as well, 
although an alternative explanation for leadership in ICE could better be explained by distributed
leadership based on task expertise, rather than ranking. Thus, Hypothesis 2 states that 
transformational leaders in ICE reduce the number of human errors compared with transactional 
leaders in ICE. 
Reducing errors background
Better understanding the nature of reliability will assist future space explorers with 
planning their missions, especially if – as NASA desires – crews in the coming decades venture 
to the Moon and to Mars. These environments are much more distant from planet Earth than the 
International Space Station (ISS). In the case of Mars, crews will work in an environment where 
their radio communications will take several minutes to travel to Earth. Crews will thus need to 
work more autonomously, without necessarily relying on Mission Control to the same extent that
ISS crews do today. This may include (but not necessarily) reducing errors, since human errors 
are often included as a factor in investigations of aerospace incidents. The literature disagrees to 
what extent humans should be implicated in these "normal accidents", meaning incidents arising 
out of the interface of multiple complex systems (Perrow, 1984) – more details about normal 
accidents will be explored later in this dissertation. Nevertheless, implementing procedures such 
as checklists demonstrably reduces errors. By extension, checklists also reduce the possibility of 
incidents not only in aerospace, but other challenging environments such as medicine, 
construction and high-stakes business negotiations. (Gawande, 2009)
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This dissertation assumes that reliability is related to error-making, and examines the 
phenomenon of error-making through two independent studies: a meta-synthesis of published 
errors in team performance, and field studies of two crews working in a simulated ICE 
environment, namely the UND Inflatable Lunar/Martian Analog Habitat (ILMAH.) The rationale
for each of these investigations will be explored in the forthcoming chapters. The goal is to 
provide guidance on reducing errors in a space analog environment. These interim results could 
be expanded or adapted to other studies to help other crews increase their reliability in 
challenging circumstances. 
It is acknowledged (and shown later in this dissertation) that error-making is a complex 
matter that includes many factors. Leadership and organizational size were chosen as possible 
factors based on the fact that HROs are part of larger organizations compared with ICE, although
more study may be required to better establish that link. This dissertation is a small step towards 
that goal.
Purpose of the study and research questions
The purpose of this study is to find a way to reduce the number or frequency of errors 
committed in ICE environments, through examining two possibilities for implementing a 
reduction – team size and leadership style. Specifically, the questions to be answered were: Does 
team size play a role in the number or frequency of errors? Does leadership style play a role in 
the number or frequency of errors?
In ICE, team size is necessarily small because in isolated conditions, the size of habitats 
and the complications of travel make it difficult for large teams to participate in ICE. With the 
exception of Antarctica's McMurdo Station, teams in ICE are limited in size. In most 
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environments outside of isolated conditions, more people can always arrive on site to bolster the 
size of the effort, even in situations such as forest rescues. Hypothesis 1 is that the error rate of a 
team's actions in ICE is inversely related to the size of the team. 
As a first step to see whether leadership has any influence at all on error-making, the 
principal investigator examined two different styles of leadership to see what differences in 
error-making may be seen. As will be explained in the Literature Review, there are various 
approaches to leadership, including the Full Range Leadership model incorporating transactional,
transformational, laissez-faire and many other examples. Transactional and transformational 
leadership styles were selected, however, due to the depth of literature available contrasting their 
characteristics, and also because well-cited sources such as Bass (1990) considered these 
leadership styles' influences on error-making. Thus, Hypothesis 2 is that transformational leaders
in ICE reduce the number of human errors compared with transactional leaders in ICE.
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CHAPTER II
REVIEW OF THE LITERATURE
Isolated, Confined Environments (ICE)
In the literature, space exploration – or more precisely speaking, working in a small 
environment such as a space station or a spacecraft – is considered an example of ICE. There are 
certainly degrees of ICE, even within different space programs. For example, a crew venturing 
out to the moon during the Apollo program of the 1960s and 1970s faced more distant isolation 
challenges over a short period, while a current International Space Station crew is close to Earth 
but facing isolation challenges over a long period. While the degree of ICE can be argued among
different space programs, what unites these various environments is distance from the usual 
support systems of work and family, the difficulty of transportation to and from the space 
environment, the lack of a familiar physical setting, and a crew that must be largely self-reliant to
accomplish tasks. Space crews are therefore extensively trained in the tasks that are required to 
carry out a successful mission. Astronauts also receive extensive psychological support from 
NASA that may also be qualified as training. As with other ICE environments, astronauts also 
perform tasks on a tight schedule. Tasks in space can range from running science experiments, to
doing repairs, to live press conferences, to performing individual procedures during complex 
EVAs. (National Aeronautics and Space Administration, 2004). 
Individual astronauts face psychological stressors in ICE. In the Antarctic, these problems
can include balancing work and leisure, accommodating individual preferences for food and 
hygiene, and group dynamics in a confined space. (Stutster, ibid, 21) A literature review of 
analog and spaceflight environments (Geuna, Brunelli & Perino, ibid), as well as observations of 
crew members in orbit (Kanas, 1998; Kanas, 2014) yielded external stressors such as privacy and
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leadership, and internal stressors such as health problems, loss of energy and changes in 
behavior. These psychological dynamics may also play into leadership. 
The text Bold Endeavors is considered one of the definitive sources on ICE, although its 
focus is on polar expeditions and not so much on spaceflight. Author Jack Stuster cites Capt. 
Paul D. Nelson, a Navy social psychologist who studied the characteristics of successful leaders 
at U.S. Antarctic stations. He found that groups accord status and esteem to those leaders who (a)
consult with specialists and individuals for technical/task-based decisions; (b) consult with the 
entire group before making a decision that affects the group as a whole; (c) make emergency 
decisions quickly and if needed, autocratically. The challenge of leadership is balancing among 
these situations, Stuster added, with intelligence, interpersonal skills and motivation. Other 
studies, he added, show that leadership in an isolated environment becomes more respected with 
time, as the leader accumulates experience. (Stuster, 2011, 100)
Another meta-analysis by Peter Suedfeld, who has studied many space crews and space 
analog crews, suggests that leadership in ICE is fraught with difficulty due to factors such as few
status markers, few gatekeepers such as secretaries to manage a leader's time, a lack of support 
from the organization sponsoring the organization, and an abundance of experts on the crew who
do not feel uncomfortable in challenging the leader. (Suedfeld, 2010) A survey of space leaders 
(Suedfeld, 2008) suggested that mission commanders tend to concern themselves more with the 
morale of the group than individual tasks. He mused in a later study (Suedfeld, 2010) that such a 
finding about space leadership was "interesting", but "compatible" with expedition literature in 
Antarctica because of the importance of interpersonal relations and emotions in ICE 
environments. 
However, a study by noted Antarctic research Lawrence Palinkas – citing other work – 
shows that task leadership is more preferable during the early stages of a mission, when the camp
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is being set up, and supportive leadership is preferable late in the mission (Gunderson & Nelson, 
1963; Nelson, 1964, Palinkas, 2001), presumably when the crew needs more psychological 
assistance and time. Preferences for leadership style may also depend on the personality of the 
individual crew member, although the literature shows varying positive and negative results for 
that relationship in a submarine environment and in an online survey of a Nordic company 
(Sandal, Endresen, Vaernes & Ursin, 1999; Hetland, Sandal & Johnsen, 2008.)
Another study notes that expedition tensions or conflicts can in part be attributed to poor 
or ineffective leadership, competition between leaders, or even difficulties between leaders and 
followers (Palinkas & Suedfeld, 2008); a later study by Palinkas suggests that the ideal leader 
"should possess both task-oriented and supportive-oriented leadership traits" (Palinkas, 2001), 
particularly based on a 135-day Mir simulator study that showed high crew cohesion in 
association with the leaders' emphasize on task leadership – as well as personality, which 
included the ability to support (Kanas, Weiss & Marmar, 1996). 
These findings may be less applicable to international crews, however, as findings from 
aviation and analog environments show that there are differing values in various countries 
concerning hierarchical leadership, as well as following rules and procedures – favorite 
techniques of transactional leaders. (Helmreich & Merritt, 1998; Helmreich, 2000). Indeed, 
communication problems such as misunderstandings, language barriers and work style are "often
mentioned challenges of multi-national space crews", not only because of national culture 
differences, but also because of the different ways in which different national space organizations
are structured. (Sandal & Manzey, 2009)
The link between leadership and error-making in ICE is less clear, but there is some 
literature discussing why errors occur. With regard to error in ICE, Stuster (ibid) cites case 
studies from space and Antarctica using examples such as sleep disturbances (46), fatigue (76-
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77), "exceeding an individual's capacity for workload" (81) and low workload (81). One remedy 
he suggests is having not only good communication from leaders, but also (borrowing from 
aviation) communicating in a standard way that reduces errors. (168-9). While Stuster does not 
specifically link the common practice of aviation/space exploration checklists to reducing errors, 
he does mention checklists in other parts of the book, advocating for their use where it would 
make sense. Aviation uses checklists as part of standard operation procedures (SOPs) to ensure a 
high degree of safety in routine and non-routine operations.
Unfortunately, there is little peer-reviewed recent literature that looks specifically at the 
role of errors in ICE, presumably because there are so few participants. A search of " 'isolated 
confined environment' and error" yielded just nine papers on the University of North Dakota 
Chester Fritz library database during a January 2018 search. One paper's citation led to another 
paper discussing the role of error in space analogs, which noted a strong cultural correlation 
concerning relationships between leaders and followers, and in adhering to rules and procedures. 
The paper (which took data from 26 nations) also elucidated five types of errors in analogs: 
intentional non-compliance errors, procedural errors, communication errors, proficiency errors 
and operational decision errors. (Helmreich, 2000). The papers at Chester Fritz also noted there 
is a perception that error is frequent in ICE (Palinkas, 2001); that error is linked to poor 
communication (Suedfeld, 2003); that error is linked to sleep disturbances, high workload or 
psychosomatic discomfort (Kanas et al., 2009); or that there is decrease in accurate physical 
performance (e.g., pointing) due to microgravity (Geuna, Brunelli & Perino, 1995). Four papers 
were discarded as they only mentioned errors in relation to the authors' statistical analysis. 
Also, a search of the NASA Technical Report Server yielded four ICE papers in relation 
to error. One source found that error is linked to monotony on long space missions, or to 
exhaustion (Slack et al., 2016). Another study presented a preliminary effort to search for signs 
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of cognitive load using EEG measurements. The author stated that personnel with a "transient 
cognitive impairment" (due to illness, medication, intoxication, fatigue or other factors) "may be 
error prone in situations that tax the limits of their reduced mental capacity." (Gevins, Smith, 
McEvoy & Brown, 1999). A third study described multiple NASA efforts to combat error-
making using human factors principles (e.g., combating fatigue and overwork) that are similar to 
previous studies earlier in this dissertation. (National Space Biomedical Research Institute 
Annual Report, 2000). This search shows that NASA researching the impact of errors in ICE, 
although it appears the measures to do so are measures that have been proposed in other 
literature on error-making.
Leadership in ICE
ICE is a difficult context in which leaders must operate, and a handful of studies do 
suggest there could be an effect of context on leadership (Lord, Foti & De Vader, 1984), although
more study is needed to know this for sure. Authors determined several factors that could 
separate out leaders by context: national culture (Brodbeck et al., 2000; Koopman et al., 1999), 
hierarchical leader level, and environmental characteristics such as dynamic versus stable 
(Brown & Lord, 2001; Keller, 1999; Lord et al., 2001), and how much conformity individuals 
have in a group, e.g., the military (Mischel, 1977). The latter two characteristics – environmental 
and conformity – would have special application to ICE, because many of these environments 
are militaristic in nature and are also extremely dangerous or isolated. In such a situation, 
surrounded by few resources and in a structure that encourages conformity, leaders may 
ultimately have a choice: to adapt to their circumstances in order to carry out their mission, or to 
stick to a single agenda at the risk of being the "odd one out" in the group.
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In ICE, authors such as Stuster lean heavily towards a more contingency-based leadership
that is adaptable to the circumstances. Similarly, another team states that transformational leaders
(which are discussed later in this Literature Review) are more likely to challenge or look for new
methods that oppose existing operations, and prefer risk-based opportunities. In their words, 
"[t]ransformational leaders do not merely react to environmental circumstances -- they attempt to
shape and create them." (Lowe, Kroeck & Sivasubramaniam, 1996)
However, there are some examples of contextual leadership that can be cited. One study 
of a range of ICE team performance – supplemented with data collection from several isolated 
missions with application to spaceflight (e.g., NASA Extreme Environment MIssion Operations 
or NEEMO, Human Exploration Research Analog or HERA, and Antarctica) – points out that 
team composition "should be considered as a foundational context for understanding how a team 
is likely to work together, even when membership is unchangeable." (Salas et al., 2015) A study 
of a four-subject, 180-day mission in China showed that leadership styles varied depending on 
the context: "The task and supportive roles are not independent, both roles are important for 
group cohesion and mission success and are used in conjunction over the course of isolation and 
confinement." (Wu, Quianying, Xiong, Xu & Li, 2018). Antarctic groups have also shown a 
preference for task leadership near the beginning, and supportive leadership near the end 
(Stuster, 1996; Leon, Sandal & Larsen, 2011), which may necessitate a shift in leadership style 
by any managers.
High Reliability Organizations (HRO)
As stated earlier in this paper, an HRO is an organization that does difficult and highly 
technical tasks daily with few or no errors, such as air traffic control or utility grid management. 
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The organizational and social behavior of HRO, as well as its reliability, stand in contrast to 
"normal accident" theory, outlined in detail by Charles Perrow around the same time period that 
HRO studies began. Perrow argued that “normal accidents” are “an integral characteristic of the 
system” in situations of complexity and tight coupling. (Perrow, 1984, 5) In spaceflight, an 
example of a situation of complexity and tight coupling could be the launch of a rocket. Later 
research on "normal accidents" theory, however, argues that disasters actually "arise from an 
absence of some kind of knowledge at some point" and may not necessarily be a function of the 
system. (Turner & Pidgeon, 1997, 3) The disagreement between HROs and normal accident 
theory persists for much of the literature in the 1980s and 1990s. At times, proponents of HRO 
argued that normal accident theory was incomplete or did not exist, and vice-versa.
Intersections with ICE may be elucidated by studying HROs that took place in hostile or 
isolated environments. Examinations of isolated environments studied for HRO include 
submarines (Bierly & Spender, 1995; Bierly, Gallagher & Spender, 2008) mountaineering 
(Allard-Poesi & Giordano, 2015), polar expeditions (Burke, Shuffler & Wiese, 2018), long-
duration sailboat racing (ibid) and spaceflight, although authors generally say NASA cannot be 
considered an HRO (Boin & Schulman, 2008; Burke, Shuffler & Wiese, 2018; Casler, 2014; 
LaPorte, 2006) with the exception of McCurdy, 1993, who argues NASA is a "culture supported 
exceptionally high levels of performance for tasks very difficult to perform." Examples of hostile
environments studied include naval aviation (Ciavarelli & Crowson, 2004), precision armies – 
which were said not to be HROs (Demchak, 1996), nuclear power plants (LaPorte, 1982; 
Dietrich & Childress, 2004; Offstein, Kniphuisen, Bichy & Childers, 2013), aircraft carriers 
(Laporte & Consolini, 1998; Roberts, 1990), oil refineries (Lekka & Sugden, 2011) and nuclear 
weapons maintenance (Tolk & Hartley, 2010).
It appears that the leadership styles for HRO in these isolated and hostile environments 
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are by no means fixed, perhaps because the leadership style must be adaptive to the 
circumstances – much as Stuster (ibid) described in the Antarctic. (This may also be said of 
many business organizations operating outside of ICE, although examining a typical corporation 
falls outside the scope of the dissertation). At least one paper advocates using two leaders (where
possible) to work together in a distributed leadership model, because different leadership 
functions such as task assignment and motivation may naturally fall to different leaders. (Allard-
Poesi & Giordano, 2015). Another alternative may be using a collection of experts for each 
component or platform of a system, which may be required due to the system's complexity or 
isolation (Bierly, Gallagher & Spender, 2008; Burke & Shuffler & Weise, 2018); there is debate 
as to whether the leadership structure is flexible as the situation requires, so that certain experts 
may come to the fore in a dynamic scenario (Demchak, 1996) or whether leadership is best based
as a hierarchical style where one person is the ultimate voice in making decisions (LaPorte & 
Consolini, 1998; Offstein, Kniphuisen, Bichy & Childers, 2013). 
Leaders and error-making
The relationship between leaders and error-making is unclear in HRO when it comes to 
hostile or isolated environments. These papers state (as the other HRO literature states) that 
HROs focus on avoiding error (e.g., Lekka & Sugden, 2011). Thus if one assumes error-making 
is something with which everyone concerns themselves, perhaps the leader's goal is more 
transformational than transactional (e.g., Boin & Schulman, 2008). In ICE, at least one author 
calls for having an external leader to help with safety, because they "may be in the best position 
to facilitate transition functions due to the ability to maintain a broader situation awareness that 
is sometimes constrained within teams under pressure." (Burke, Shuffler & Wiese, 2018). 
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The mission design of ILMAH includes brief missions of about one to two weeks in 
length, in a single type of isolated condition that simulates spaceflight. Thus, it is clear that a 
single study on the ILMAH cannot state definitively whether a particular leadership style or 
particular rate of errors is indicative of an HRO in an isolated or hostile condition, because the 
literature varies considerably. The possibility can exist, however, because HROs have been used 
to describe teams in spaceflight. What remains to be seen is whether HROs in spaceflight can be 
translated to analog environments, such as ILMAH. This would be an interesting direction for 
future studies.
With application to spaceflight, it is unclear whether NASA and other space agencies as a
whole are HRO. NASA, for the most part, traditionally operates under a bureaucratic structure 
(Hacker & Grimwood, 1977), which may be opposite to the aims of an HRO. The agency has a 
strong military background that arose in the 1960s through the U.S. Air Force, as demonstrated 
by the German engineers who created the Mercury, Apollo and Gemini rockets. NASA also 
followed the Air Force practice of contracting to private firms for most of its hardware needs. 
(Ibid.) 
Although an HRO may not encompass an entire public organization, there may be aspects
within that organization that are an HRO. For example, while the U.S. Navy as a whole would 
not be considered an HRO, it has been argued that aircraft carriers operated by the Navy are. 
Submarines may also be considered an HRO environment. On submarines, crews de-emphasize 
experiential learning due to the potential for catastrophe. Instead, incident reports and crew 
rotation updates provide opportunities for crew members to examine critical events and to seek 
opportunities for improvement. (Bierly, Gallagher & Spender, 2008.)
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Errors
Before measuring errors in ILMAH, it is useful to know how the literature classifies 
errors more generally. One source suggests errors can be divided into three main types: slips and 
lapses (memory failures, misattention, habit intrusions, and the like); rules-based mistakes (e.g., 
misapplying a rule in a given situation) and knowledge-based mistakes (which occurs in novel 
situations) (Reason, 2008). There are at least a few limitations of this list. The first is that it does 
not take into account the design of a system, such as its displays or warnings. In relation to 
leadership, however, the more relevant issue is the list does not necessarily account for mistakes 
made in groups, such as groupthink. The Challenger shuttle explosion of 1986, for example, is 
blamed in part on production pressure and "normalization of deviance" when it came to certain 
anomalies, including faulty O-rings in boosters. (Vaughan, 1996, xiii-xiv) These decisions were 
the responsibilities of groups of engineers and senior management, who conferred before the 
launch, and cannot be traced back to any single person. Still, the culture of "bad apples" is so 
rampant in engineering that more than 30 years after the fact, individual engineers such as Bob 
Ebeling still blamed themselves (and not the group as a whole) for the disaster. (Berkes, 2016)
A related view to normal accident theory is the hypothesis that human error is an offshoot
of complexity. This is in contrast to blaming "bad apples" for causing accidents. As one author 
argues, "The occasional human contribution to failure occurs because complex systems need an 
overwhelming human contribution for their safety.” (Dekker, 2006, 65.) 
Many experts have instead argued that complex systems are best described under systems
theory, which was first proposed by biologist Ludwig von Bertalanffy in the 1940s and refined 
by Rosh Ashby in the 1950s. Simply put, systems theory focuses on the relations between 
individual subsystems, and also takes into account the environment in which the subsystems 
operate, including the influence of outside operators. (Heylighen & Joslyn, 1992). A related 
17
hypothesis – called STAMP (Systems-Theoretic Accident Model and Processes) – focuses on 
how to stabilize systems by utilizing feedback loops of information and control. The system is 
understood as a dynamic process. If an accident occurs, it is because the feedback did not adjust 
sufficiently to performance changes to maintain safety. (Leveson, 2004). 
The contribution of groups is better elucidated in an introductory text to human factors 
engineering. Citing several papers from the 1980s and the 1990s, the chapter discusses possible 
influences such as training, group size, individual personalities and stress. Key positive 
influences of leaders include setting a vision, embodying specific performance goals, getting 
individual commitments from team members to work together, and advocating for co-ordination 
and shared accountability. (Wickens, Lee, Liu & Becker, 2004.) 
Systems theory and leadership are easier to study in large organizations, because these 
organizations are common in the business world. A leader in ICE, however, must deal with a 
complex system with a small group. While support systems are commonly available, they are 
remotely located and may not be easy to contact quickly in the case of an emergency. 
Leadership in small groups
Small group studies for ICE are hindered by many problems. As stated already, sample 
size remains a large issue for ICE due to how few people have participated over the years, 
particularly in spaceflight. The literature also tends to be biased towards groups of males, 
providing little insight about how isolation affects other genders. 
Even the definition of a small group reveals limitations. One literature review suggests it 
is probably about 20 members or less, but adds that most "small group" studies concern five 
people or less. (Shaw, 1981, 6). For context, a typical ISS crew ranges between three and six 
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people. Most small-group investigations appear to be done in the laboratory, making it difficult 
to generalize what is seen there to a less controlled environment. (Seal, Bogart & Ehrnhardt, 
1998.) It also appears to be difficult to correlate results across studies. A literature review of 100 
examinations concerning non-verbal communication in small groups, for example, concluded 
that there are too many questions posed to draw a meaningful consensus. (Gatica-Perez, 2009.) 
Leadership in ICE may be informed by questions about how leadership is shaped in small
groups. It could depend on how often a person speaks in a group (Maricchiolo, Livi, Bonaituo & 
Gnisci, 2011); whether leaders function better as efficient autocrats or collaborative diplomats 
(Prahl, Dexter, Braun & Van Swol, 2013); how leadership changes in digital vs. “real-world” 
environments (Tromp, Bullock, Steed, Sadagic, Slater & Frecon, 1998) and whether leaders 
function best if they act similarly to the group (Shaw, 1981, 15-16).
Scientific investigations of leadership – in Europe and North America – began around the
turn of the twentieth century, focusing on "great man and trait" approaches; through the 1940s 
and beyond, leadership understanding evolved into contingency approaches (Hunt, 1999), which 
moves closer to the leadership styles that are considered for this dissertation. The roots of 
contingency leadership emerged from two seminal studies in the 1970s: (House, 1977) and 
transformational leadership (Burns, 1978). Both studies heavily influenced the first seminal text 
on transformational and charismatic leaders, called Leadership Beyond Expectations (Bass, 
1985). Models of leadership subsequently split into several different schools, whose history has 
been well-covered in other literature reviews. Here, we will focus on the origins and arguments 
concerning the full-range leadership model that also emerged during the late 1970s.
Perhaps the first study of full range leadership (Burns, 1978) emerged in relation to 
studies of two United States presidents, Franklin Delano Roosevelt and John F. Kennedy. Burns 
argued that these presidents were successful because they exhibited both transformational and 
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transactional leadership. They were transformational in that they could lead the public with 
inspiring words, yet transactional because they gained votes through political deals. Burns 
argued that these two characteristics – transactional and transformational leadership – lie on a 
continuum. Leadership styles are commonly evaluated today using the Multifactor Leadership 
Questionnaire (MLQ), although it has been criticized for emphasizing transformational 
leadership (Yammarino & Dubinsky, 1994; Kelloway, Barling & Helleur, 2000) and for being 
weak in measuring transactional and non-leadership (Hinkin & Schriesheim, 2008). 
Here it is useful to discuss transactional leadership and transformational leadership in 
more detail. A highly cited paper by Bass (1990), which is among the first to discuss this concept
in the academic literature, defines these leadership styles as follows. Transformational leaders 
"broaden and elevate the interests of their employees ... generate awareness and acceptance of 
the purposes and mission of the group, and ... stir their employees to look beyond their own self-
interest for the good of the group" (p. 21). Transactional leaders "explain what is required of 
them [employees] and what compensation they will receive if they fulfill these requirements" 
(pp. 19-20). The characteristics of these leadership types are outlined in Table 1 below; note that 
more recent research often places laissez-faire into its own category separate from transactional 
leadership (Eagly, Johannesen-Schmidt & van Engen, 2003; Chaudhry & Javed, 2012).
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Table 1: Characteristics of transformational and transactional leaders (Bass, 1990)
Transformational Transactional
Charisma: Provides vision and sense of mission, instills 
pride, gains respect and trust.
Contingent reward: Contracts exchange of rewards for 
effort, promises rewards for good performance, recognizes
accomplishments.
Inspiration: Communicates high expectations, uses 
symbols to focus efforts, expresses important purposes 
in simple ways.
Management by Exception (active): Watches and searches 
for deviations from rules and standards, takes corrective 
action.
Intellectual Stimulation: Promotes intelligence, 
rationality and careful problem solving.
Management by Exception (passive): Intervenes only if 
standards are not met.
Individualized consideration: Gives personal attention, 
treats each employee individually, coaches, advises.
Laissez Faire: Abdicates responsibilities, avoids making 
decisions.
The debate between transactional and transformational leadership is a common one in 
business literature, but some authors also argue for a third type of leadership – transformative – 
that appears to be emerging in educational and social justice literature. Shields (2010) writes that 
there have been some studies of transformative leadership in recent years, but they use different 
definitions (e.g. Quantz, Rogers & Dantley, 1991; Weiner, 2003; Hoffman & Burrello, 2004). 
Following her own interviews with educators, she defines transformative leaders as such: 
"Transformative leadership begins with questions of justice and democracy; it critiques 
inequitable practices and offers the promise not only of greater individual achievement, but of a 
better life lived in common with others." Her paper, which was in the context of educational 
practices, continues: "Transformative leadership, therefore, inextricably links education and 
educational leadership with the wider social context within which it is embedded." (Shields, ibid,
559). Shields defines the differences between transactional, transformational and transformative 
leadership in the table below. The scale is shown below in Table 2. Bass, for his part, has 
expanded his leadership theory into a full-range leadership model that includes elements of 
transformational, transactional and laissez-faire management. (Avolio and Bass, 1991). 
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Table 2: Transactional, transformational, transformative leadership (Shields, 2010)
Transactional Transformational Transformative
Starting point A desired agreement or 
item
Need for the 
organization to run 
smoothly and 
efficiently
Material realities and 
disparities outside the 
organization that impinge the
success of individuals, 
groups and organization as a 
whole
Foundation An exchange Meet the needs of 
complex and diverse 
systems
Critique and promise
Emphasis Means Organization Deep and equitable change in
social conditions














frameworks that generate 
inequity, acknowledgment of
power and privilege, 
dialectic between individual 
and social
Key values Honesty, responsibility, 












Power Mostly ignored Inspirational Positional, hegemonic, tool 
for oppression as well as 
action




Looks for motive, 
develops common 
purpose, focuses on 
organizational goals
Lives with tension and 











Critical theories (race, 
gender), cultural and social 






While there are more than 60 years of general team research available (Golden, Chang & 
Kozlowski, 2018), within ICE studies the environment limits the scope. That is because the 
current standard of research on teams requires using surveys that are cross-sectional, time-lagged
or laboratory-based. Within ICE, teams work in conditions far from studying scientists and are 
rarely examined directly (Marks et al., 2001, Cronin, Weingart & Todorova, 2011; Kozlowski & 
Chao, 2012). Even space agencies regularly use spaceflight analogs in ICE to study astronaut 
teams and isolated teams directly, especially because it is imperative to determine the efficacy of 
individual astronauts working alone and in groups before undertaking an expensive spaceflight. 
These analogs (which tend to be located in isolated areas, and where crew members practice 
spaceflight procedures such as spacewalks) focus on testing five main hazards of spaceflight that 
can be simulated on Earth, including lowered gravity fields, increased isolation and confinement,
hostile and closed environments, space radiation and distance from Earth. (NASA, 2018).
Only a portion of the crew's overall mission conversations were captured in the ILMAH 
recordings, but recordings were limited to the EVA to provide a similar standard of privacy for 
crew members that astronauts have on the ISS. Specifically, ISS astronauts usually do not have 
their activities broadcast publicly unless they are participating in a press conference, an 
educational event with children, a crew handover between expeditions, or a spacewalk. In these 
ILMAH conversations, it was assumed that the crew members were speaking truthfully and 
freely and that they were working towards their mission objectives without encumbrances. 
However, their speech and intentions may have been altered by the Hawthorne effect, or the fact 
23
that they were aware of being recorded and observed for the purpose of this investigation. 
(McCambridge, Witton and Elbourne, 2014)
Data collection and meta-synthesis (Hypothesis 1)
This meta-synthesis was in response to Hypothesis 1, answering the question of whether 
increasing team size diminishes error rate. The researcher consulted with the UND Chester Fritz 
Library about appropriate terms to use, since librarians are used to producing appropriate terms 
for computer databases to understand. With suggestions in hand, the principal investigator 
performed a search in April 2019, using both the UND Chester Fritz Library (which includes a 
cross-section of space journals with full text access, available for student researchers) and the 
NASA Technical Reports Server or NTRS (which is highly cited by researchers within the space 
industry, and also contains full text references).
An initial search of || "team size" AND (failure* OR error* OR mistake*) || in Chester 
Fritz's database, as recommended by a UND distance librarian, produced 2,683 results, resulting 
in the need for more exclusion criteria. It was decided to reframe the search as || "team size" 
AND (failure* OR error* OR mistake*) AND crew ||. "Crew" is a commonly used term in 
aviation, military and spaceflight referring to a self-contained group of people who sometimes 
work remotely (or in extreme environments) from the central hub of their organization. This 
exclusion criterion reduced the number of possible studies in Chester Fritz to 99. 
Within NTRS, the search of  || "team size" AND (failure* OR error* OR mistake*) AND 
crew || produced six results. While the search for  || "team size" AND (failure* OR error* OR 
mistake*) || only produced 12 papers in comparison to Chester Fritz's thousands of results, the 
NTRS database search revealed several papers on software development which had little or no 
relevance to crews working in extreme environments.
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Thus, the search || "team size" AND (failure* OR error* OR mistake*) AND crew || in 
Chester Fritz and NTRS produced a total count of 106 papers that were used in the meta-
synthesis. This next produced the research question of to what degree ICE and HRO is 
considered within these results. The following searches using ICE and HRO in Chester Fritz and 
NTRS produced few or no results:
 Chester Fritz: "team size" AND (failure* OR error* OR mistake*) AND "isolated, 
confined environment" = 0 results
 Chester Fritz: "team size" AND (failure* OR error* OR mistake*) AND "high reliability 
organization" = 1 result
 NTRS "team size" AND (failure* OR error* OR mistake*) AND "isolated, confined 
environment" = 0 results
 NTRS: "team size" AND (failure* OR error* OR mistake*) AND "high reliability 
organization" = 0 results
It was thus decided not to include pre-selected HRO or ICE papers artificially in the 
meta-synthesis, for two reasons: (1) on their own, it appears there has been little research 
performed within HRO and ICE on team sizes and errors (2) there was a risk of precluding the 
validity of the results of the meta-synthesis, which proceeds by strict inclusion and exclusion 
criteria. Future researchers may want to hand-search papers in these fields to seek references of 
team size and mistakes to see whether there are results that are not being captured in these large 
databases by computer searching. So it should be understood that this set of papers captures a 
cross-section of literature that may have applicability to HRO and ICE, but does not necessarily 
include these particular fields. 
For a qualitative analysis of the data, the PI proceeded using a meta-synthesis. A quick 
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scan of papers in the Chester Fritz Library suggests that the bulk of meta-syntheses have been 
used in nursing and other health-care fields, so its efficacy in ICE and HRO so far, remains 
unknown. This dissertation will thus serve as a test case. Some medical units may be considered 
HRO, however, so there is justification for using a meta-synthetic approach.
The attributes that distinguish qualitative meta-synthesis (QMS) from meta-analysis are 
that the meta-analysis addresses quantitative studies (Leary & Walker, 2018) and is a "statistical 
procedure that attempts to integrate a body of quantitative research." (Erwin, Brotherson & 
Summers, 2011). The purpose of QMS is to obtain knowledge that is otherwise inaccessible. 
(Lachal, Revah-Levy, Orri & Moro, 2017). This methodology intends to translate, explain, and 
discover meaning. (Erwin, Brotherson & Summers, ibid.) The emphasis is on interpretation, 
which will enable the development and refinement of theory (Finlayson & Dixon, 2008) while 
retaining the uniqueness of individual studies. This interpretation of findings from selected 
qualitative studies may obtain "richer, more complete understanding of the phenomenon" of 
interest (Erwin, Brotherson & Summers, ibid). An issue is to synthesize qualitative studies to 
achieve some generality, while preserving the relevance of the individual studies. (Ibid). 
Inclusion decisions based on quality assessments become a source of bias. (Finlayson & Dixon, 
ibid).
Given the number of approaches available, it was decided to use the approach 
recommended by Finlayson and Dixon, which has been used or cited more than 100 times in 
other studies. Again, the efficacy in HRO and ICE remains to be demonstrated, but the approach 
has been peer-reviewed and used in several examples of meta-synthetic studies, principally in 
nursing and health care (which is true of the rest of meta-syntheses in general). How to proceed 
with a qualitative analysis is thus not well defined, but Finlayson & Dixon suggest using "formal 
appraisal criteria or checklists", giving examples such as Burns (1989) and the Critical Appraisal 
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Skills Program (CASP 1999). These criteria or checklists give the qualitative process more rigor, 
similar to a quantitative analysis, although as stated earlier there are issues in terms of selection 
bias and the analysis itself. It was decided to proceed with the CASP checklist since the materials
included separate 10-point questionnaires for qualitative studies and literature reviews. These 
two questionnaires can be easily duplicated with other researchers and thus, the efficacy of the 
qualitative analysis may be tested in future studies. The CASP website (2019) says it has been 
used for more than 25 years, principally in the health care field, and a quick search of Google 
Scholar reveals that CASP has been used in the peer-reviewed literature thousands of times.
Discussion of the findings is contained in Results.
Data collection and field studies (Hypothesis 2)
Field studies at the ILMAH were performed to look at the effects of leadership on error in
analog ICE environments for spaceflight, using an analog that is as high-fidelity as possible so 
that the leadership and error-making could be better argued to have applicability to spaceflight.
While there are numerous space analogs available for researchers in the United States and
Canada, ILMAH was chosen for a few considerations. First, UND is practically unique among 
American universities in that it has its own spacesuit designs being tested in an analog, providing
a somewhat high-fidelity simulation of what astronauts experience when working in these bulky 
outfits. Spacesuits can affect communications because of the need to use radio, and the fact that 
crew member mobility and visibility is restricted (affecting gestures, facial expressions, and 
other tools commonly used in communication.) Also, the ILMAH suits are pressurized. This not 
only adds realism to the activity, but it also reduces natural mobility while increasing stress and 
fatigue. Pressurized suits are an uncommon tool in analog environments, such as the Mars Desert
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Research Station (MDRS) and Hawai'i Space Exploration Analog and Simulation (HI-SEAS).
Second, and on a related note to the spacesuits, ILMAH crew members perform EVAs in 
a similar fashion to astronauts. Mission objectives for each EVA are determined ahead of time, 
and the crew members go out for a limited number of hours – inside of the spacesuits – to 
perform geological or technological tasks in situ. The closest space equivalent to these 
experiences is the Apollo missions of the 1960s and 1970s, in which astronauts walked upon the 
moon. The research being performed at ILMAH may also help with determining procedures for 
Mars missions, should NASA or other agencies decide to send astronauts there.
Third, ILMAH has a separate "mission control", which is a common feature of 
spaceflights. As with space station crews, members of ILMAH missions must communicate 
using radio and must wait for a response from mission control while making decisions on the 
spot. This is comparable to a spaceflight environment, although there may be uncaptured 
differences (such as scheduling, or the effect of distance between a team and mission control) 
between the professional astronaut teams in orbit and the amateur analog participants on the 
ground.
Fourth, ILMAH missions are extremely time-bound – similar to space shuttle missions 
and missions performed during the Mercury, Gemini and Apollo eras. Findings from ILMAH 
work may not have as much validity on the International Space Station, where most crews work 
for at least five months or six months, because issues of crew health and isolation may mount 
after multiple months in space. However, ILMAH findings can be compared with missions of 
short duration (a few weeks), when psychological and physical health are not as badly affected. 
As with crew members in space, ILMAH crew members engage in a variety of science and 
technology studies and are limited in their spare time.
ILMAH runs missions approximately two to three times a year with three people per 
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crew, allowing for enough mission frequency to generate results in a short time. Pending IRB 
certification and approval from the ILMAH team, UND graduate students are encouraged to 
participate in ILMAH experimentation. Other analog facilities accept proposals on a competitive 
basis, or run missions less frequently.
A brief overview of the ILMAH is useful here. The UND Human Space Flight 
Laboratory received a NASA grant in 2009 for the North Dakota Planetary Exploration Initiative.
The primary goal was to develop, construct and use a habitat to house up to four crew members 
for as long as 30 days, as well as a Pressurized Electric Rover with two NDX-2 planetary suits 
externally attached. The University of North Dakota is the first university with a NASA-funded 
laboratory to research space exploration and planetary surface exploration suits. Crews have 
been working on the ILMAH since 2013, running missions of between 10 to 30 days each. (UND
Aerospace, 2015). 
In 2013, NASA awarded UND a $750,000 Experimental Program to Stimulate 
Competitive Research (EPSCoR) grant. The grant allowed the ILMAH to expand with four new 
modules: a geology module, an EVA module, an exercise and human performance module, and a 
greenhouse module. These modules were gradually integrated into missions, starting in 2015. 
(UND Aerospace Human Spaceflight Laboratory, 2017). 
EVA participants were selected through competitive application for each mission, through
a process overseen by principal investigator (PI) Dr. Pablo de Leon. The principal investigator of 
this study did not participate in subject selection. While relationships among the participants 
were not a direct factor for selection, many of the participants were graduate students at UND. 
Thus they already were colleagues at the university and knew each other professionally, which 
may have influenced the results. 
As with all UND human research, the ILMAH aligns its work with the university's 
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Institutional Review Board (IRB) to protect the welfare of participating human subjects. This 
meant that for the principal investigator's research study, most of the considerations for human 
research were already covered under an umbrella authorization from the IRB (IRB-201310-121).
Crew members had the option to opt out of the data collection at any time, even after their 
mission concluded. 
The principal investigator submitted her own proposal to the IRB requesting passive 
audio recordings of the participants as they were conducting extra-vehicular activities (EVAs). 
The initial one year approval was used to collect EVA data, then a one-year extension was used 
to analyze the data collected and to write the findings in this dissertation. 
In space exploration, EVAs are commonly broadcast real-time on venues such as NASA 
Television, which is available on select cable stations and also worldwide on the Internet. As 
such, astronauts participating in EVAs traditionally have a lessened expectation of privacy. Crew 
activities inside ISS are usually not broadcast in real time. Presumably, this is due to privacy 
concerns, or because the astronauts perform experiments subject to commercial or scientific 
limitations. NASA, however, does not offer recordings of its EVAs due to restrictions in 
personnel in NASA Television and related offices.
The principal investigator's EVA study did not define the tasks to be conducted. Rather, it 
was a passive activity performed during research activities for other IRB-approved 
investigations. After the EVAs were performed, the principal investigator received copies of crew
reports for each EVA outlining the objectives, accomplishments and lessons learned for their 
work, to assist in the analysis of the transcripts. Some of the tasks the crew performed included 
deploying a weather balloon, testing simulated emergency procedures, and navigating and 
driving a rover to designated locations.
A hired transcriptionist and the principal investigator reviewed all of the transcriptions 
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and removed any identifying information on the crew members and participating scientists, such 
as names and age, to protect subject privacy. Subject designators were applied in place of names 
of the participating crew members, based on designators provided by the participating crew. 
ILMAH PI Pablo de Leon gave his consent for his name to be included in the transcriptions, so 
his information was preserved. Occasionally, the EVA participants mentioned identifying 
information (such as names) for people who were not participants. These characteristics were 
removed to protect those people's privacy.
Overall, data were collected for two missions at the ILMAH, which will be defined here 
as Mission 1 and Mission 2. The numbers used to designate missions in this study do not match 
up with the internal ILMAH numbering system to designate individual missions, in order to 
protect subject privacy. The ultimate goal of analyzing the transcripts was to better understand 
what predominant style of leadership the crew members adopted over the course of the mission. 
To be clear, "leadership" in this context was understood as task leadership, rather than identifying
the assigned leader of a group (i.e., the mission commander). Further discussion of how 
leadership and error are connected is contained within the Results section.
For the ILMAH analysis, it was decided to use ordinal numbers to best rank the crew 
members and avoid skewing. To the best of the principal investigator's knowledge, this has not 
been used in analog studies before, and thus, this is an untested methodology that will need to be 
examined further in other studies. However, Stevens (1946) suggested that ordinal numbers – the
determination of greater or less – is applicable to isotonic groups or regression, or fitting a line to
a series of non-linear observations (Stevens, ibid.). The PI determined the ILMAH set was 
indeed non-linear, as shown by the large swings in percentage counts in between Schwartz 
values. As mentioned before, the data were clustered into zones of extremely low counts and 
extremely high counts. Ordinal scales allow measurements of differences between individuals, as
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well as the direction of the difference. However, the size of the difference cannot be measured. 
(Gravetter & Wallnau, 24).
Here is how ranking in this dissertation was performed: For a given value, such as 
Achievement, the raw counts were examined. The crew member with the highest number of 
Achievement values was given a rank of 1, the crew member with the second highest number of 
Achievement values was given a rank of 2, and the crew member with the third highest number 
of Achievement values was given a rank of 3. 
Once the rankings were established, these were placed against the Schwartz values for 
every individual leadership style measured in the system: transformational, transformative and 
transactional. Crew members were then assigned a leadership style based on the number of "1s" 
they had in each style. The style with the most "1s" was suggested as the dominant leadership 
style for a given crew member. So for example, if a crew member had received three "1s" in 
transformational leadership, two "1s" in transactional leadership and one "1" in transformative 
leadership, they would be designated a transformational leader. Occasionally, a crew member 
had an equal number of "1s" in different leadership categories, in which case a tie-breaker was 
employed. The leadership style with the most number of "2s" would be the assigned leadership 
style. The full results are shown in the Results, in Tables 11 and 12.
Identifying leadership using value scales of Schwartz (Hypothesis 2) 
To attempt consistency with past studies, this paper applies a methodology used in 
previous ICE research, based on a list of value scales recorded by Schwartz (1992). He identified
values that are universal to humans in at least 20 countries, according to the initial research 
study. It is a scale that already has been tested in the literature against first-person accounts of 
subjects, so it was believed that analysis of transcripts would be a similar enough process for 
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validity. Second, the work of Schwartz is highly cited and regarded in the literature, which adds 
to the scale's validity overall when considering the validity of measuring human emotions.
The list was used by noted ICE researcher Peter Suedfeld and his associates in multiple 
research studies examining coping strategies in spaceflight (Suedfeld & Weiszback, 2004; 
Suedfeld, Brcic & Legkaia, 2009; Suedfeld, Wilk & Cassel, 2014). This scale has also been used 
in other ICE environments, such as transcripts of cave explorers (MacNeil & Brcic, 2017) or 
narratives of Holocaust survivors (Suedfeld, Krell, Wiebe & Steel, 1997.) Thematic content 
analysis has other cited advantages. It can be applied to various data sources (oral, written, 
archived, "real time", different languages, etc.) and "is totally nonreactive and unobtrusive" 
(Suedfeld & Weiszback, 2004).
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Table 3: Value scale adapted from Schwartz (Suedfeld & Weiszback, 2004)
Value Meaning
Achievement Personal success through demonstrated competence according to 
social standards
Benevolence Concern for close others in everyday interaction
Conformity Inhibition of socially disruptive acts, impulses or inclinations
Hedonism Pleasure in satisfying orgasmic needs
Power Social prestige/status, control over people and resources
Security Safety, harmony, stability of society, relationships and self
Self-direction Independent thought and action: choosing, creating, exploring
Spirituality* Meaning and harmony by transcending everyday reality 
(Schwartz said this may not be universal to all cultures)
Stimulation Excitement, novelty, challenge
Tradition Respect for one's cultural/religious customs and ideas
Universalism Understanding, appreciation, tolerance and protection of all the 
welfare of all people and nature
Although Suedfeld used this value scale to outline astronaut coping strategies, one paper 
suggests a methodology to map these values on to different leadership styles. Sarid (2016) wrote 
that the original intention of his study was to "address central conceptual and methodological 
complications in leadership styles", particularly in the Multifactor Leadership Questionnaire that 
is often used to measure variants in Multifactor Leadership Theory (which is explored in 
Literature Review.) The tool also allows researchers to examine the relationship between 
leadership values/beliefs as well as leadership styles, particularly when talking about questions 
of ethics. (Ibid, 1.). Notably, Sarid did not include hedonism in his tool because it is "viewed by 
Schwartz to intersect openness and self-enhancement … [making it] unhelpful for the tool 
presented here." (Ibid, 15.)
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Sarid linked the values of transformational, transformative and transactional leadership 
using definitions by Shields (2010) and Brown (2004) and then using the corresponding values in
the Schwartz value scale that intersected these definitions. For example, for transformative 
leadership, Shields defined the following characteristics (Shields, p. 562; Sarid, p. 14):
1. A combination of both critique and promise;
2. Attempts to affect both deep and equitable changes;
3. Deconstruction and reconstruction of the knowledge frameworks that generate inequity;
4. Acknowledgment of power and privilege; 
5. Emphasis on both individual achievement and the public good;
6. A focus on liberation, democracy, equity and justice; and
7. Evidence of moral courage and activism.
Subsequent to his seminal 1992 paper, Schwartz defined how each of his values are 
related to four separate characteristics (2012). These were "openness to change" (self-direction, 
stimulation, hedonism), "self-enhancement" (hedonism, achievement, power), "conservation" 
(security, conformity, tradition) and "self-transcendence" (universalism, benevolence). Note that 
Schwartz did not include "spirituality" among the values, so his subsequent research has reduced 
the number of values to 10 – not the original 11. 
Sarid (2016) defined leadership styles using these four characteristics defined by 
Schwartz. He argued that transactional leadership was a balance between self-enhancement and 
conservation, transformational leadership was a balance between self-enhancement and openness
to change, and transformative leadership was a balance between openness to change and self-
enhancement. He did not include hedonism in his leadership styles as it intersects two of 
Schwartz's characteristics, making it difficult to judge where it lies on the leadership scale. The 
relations between Sarid and Schwartz are shown in Table 4.
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Table 4: Schwartz scale (1992) compared to three leadership constructs (Sarid, 2016)




















Finding the definitions of Schwartz's values to be ambiguous, the principal investigator, 
after using one transcript as a test case, reformulated the definitions against the crew members' 
interactions. Consistent with Schwartz's leadership construct, spirituality was not used. The 
following scale was thus applied to the ILMAH transcripts in Table 5:
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Table 5: Schwartz's leadership constructs applied to the ILMAH transcripts
Achievement Celebrating success of a task, e.g., a crew member saying 
"Good job"
Benevolence A crew member acknowledges another crew member, e.g.,
through thanking them, through asking a question, through
answering a question
Conformity A crew member performs an act to appear congruent to the
rest of the crew, e.g., joining in with a joke
Hedonism A crew member is sarcastic or satisfies an orgasmic need 
(e.g., burping, or making a joke.)
Power A crew member giving an order, e.g., telling another crew 
member to drive the rover in a particular direction
Security Speaking about matters of security or safety, e.g., a crew 
member losing air from their spacesuit
Self-direction A crew member making a decision or judgment, e.g., 
telling Mission Control that they will proceed 50 meters to
the next work site, or telling Mission Control that a task is 
complete
Stimulation A crew member noting something novel during the 
mission, e.g., seeing planes in the sky
Tradition A crew member describing how something is always 
done, e.g., saying past crews have implemented a 
procedure and it is best to follow it
Universalism A crew member referring to a shared experience among 
the crew members or among humanity, e.g., a movie that 
everyone has seen
Of note: not all portions of the transcripts were included in the analysis. Identifying 
information about the subjects, personnel and other people mentioned were removed. Other parts
of the recordings were inaudible or garbled, or were obscured due to excessive background 
noise. Seven transcripts were analyzed for Mission 1, and five for Mission 2. Two transcripts 
were discarded due to recording issues.  
Each transcript analysis was performed by the principal investigator and two 
supplementary coders. The coders were initially selected among recently graduated UND Space 
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Studies graduate students with a communications background. It was decided to use former 
Space Studies students, rather than current ones, to reduce the chance of a coder recognizing one 
of the participating ILMAH crew members (who were largely drawn from the current UND 
student population). During the second round of analysis, one of the coders was unavailable due 
to work obligations. The principal investigator thus selected a replacement coder that she knows 
professionally, who has a keen amateur interest in spaceflight (including attending launches), as 
well as a theoretical background that includes a Ph.D. in cognitive science and employment at a 
technology company that deals in part with communications.
For each mission, the principal investigator and two supplementary coders participated. 
Each person had a copy of the transcript with identifying information removed. The coders used 
the comment function in Microsoft Word to do their analysis. Each sentence was coded 
separately, unless the sentences could be grouped together into a similar theme. Each code 
included the subject's number, and a designation of Schwartz's value. Sample comments included
(without quotes) "117: Self-direction", "458: Benevolence", "385: Security". 
Subsequently, the principal investigator counted how many times each Schwartz value 
appeared for each subject. This was initially performed by doing a simple search of the 
comments in Microsoft Word and manually counting how many times the value appeared. For 
later transcripts, the Microsoft Word document was converted into PDF format and transferred to
Adobe Reader, featured a capability to automatically count comments.
To determine inter-rater reliability, as a first guide the principal investigator looked to a 
previous study (Suedfeld, Brcic & Legkaia, 2009) that also used the Schwartz value scale. The PI
used Microsoft Excel to calculate a Pearson coefficient to evaluate inter-rater reliability, finding a
reliability of 0.86 or higher. (Ibid.) (1 is considered perfect reliability). A Pearson correlation – a 
common measure of reliability among coders – was chosen to map the relationship between two 
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measurement sets. However, correlation does not necessarily mean causation. That is to say, that 
the variables of interest change relative to each other, but it does not show that one change is the 
result of another. Also, outlier data points can skew the value correlation. (Gravetter & Wallnau, 




Purpose of the study and description of the sample
ICE literature appears to have a lack of discussion on reliability when compared with 
HRO literature, based on a brief examination of the literature. The principal investigator has two 
hypotheses as to why this would be the case. Hypothesis 1 is that the error rate of a team's 
actions is inversely related to the size of the team, since HROs operate within a larger team 
framework than ICE. Hypothesis 2 is that transformational leaders in ICE reduce the number of 
human errors compared with transactional leaders. Below are findings related to each hypothesis,
as well as related discussion from the literature.
The sample for Hypothesis 1 included 31 studies obtained as part of a meta-synthesis on 
team literature. The sample for Hypothesis 2 was two, three-person crews working at the 
IMLAH. One of those crew members participated in both missions, leaving a final sample size of
five people.
Hypothesis 1: Number of errors in small teams
Hypothesis 1 states the error rate of a team's actions is inversely related to the size of the 
team, and the methodology that was decided to find this was to search out references of team size
and error in the literature, as explained in Method. The 106 studies found at Chester Fritz and 
NTRS, which are listed under Meta-Synthesis in the References section, were then put through a 
qualitative meta-synthesis approach as recommended by the Critical Assessment Skills 
Programme (1999), based on a recommendation from Finlayson and Dixon (2008).
The papers were hand-examined by the PI with a few exclusion criteria in mind: (1) any 
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quantitative study, since that is not covered under the CASP methodology (2) any study that was 
off-topic, in that team size and error (either together, or separately) were not addressed 
whatsoever. This winnowing process reduced the number of examined papers to 31 papers, 
which are listed in Table 6 along with the results.
Each qualifying author was placed in an Excel spreadsheet, with the numbers of the 
question on the horizontal axis and the author's name on the vertical axis.  Each CASP question 
on the worksheet (Table 7) was answered with "yes" or "no", with the number 1 assigned to 
yes/positive answers and the number 2 assigned to no/negative answers. Table 7 also includes the
screening methodology used for this paper to answer "1" or "2" to each question. The PI also 
added an 11th question – "Does this paper grade or address team size with relation to error?", 
which is shown in Table 6 along with the other 10 questions from CASP. Papers were eliminated 
from the analysis as soon as they received a "2", in line with the elimination by aspects 
methodology, a commonly used behavior for decision-making. The methodology involves 
identifying most important attribute is identified for each heuristic; any alternatives are 
eliminated when they fall below that cutoff point. (Goodwin & Wright, 2004, 19). 
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Table 6: CASP methodology applied to considered papers
Lead author (year) Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11
Bell (2016) 1 1 1 1 1 1 1 1 2 x x
Bowers (2000) 1 1 1 1 1 1 1 1 1 1 2
Chakravorty (2010) 1 2 x x x x x x x x x
Choi (2010) 1 1 1 1 1 2 x x x x x
Cohen (1997) 1 1 1 1 2 x x x x x x
Courtenay (2013) 1 1 1 1 2 x x x x x x
Crichton (2004) 1 1 1 1 1 2 x x x x x
Christian (2017) 1 1 2 x x x x x x x x
Day (2004) 1 1 2 x x x x x x x x
Guzzo (1996) 2 x x x x x x x x x x
Hung (2013) 1 2 x x x x x x x x x
Jones (2000) 1 1 2 x x x x x x x x
Klimoski (1994) 1 2 x x x x x x x x x
Langer (2016) 1 1 1 1 1 1 1 1 1 1 2
Lawton (2012) 1 1 1 1 1 2 x x x x x
Marlow (2018) 1 1 1 1 1 1 1 1 1 1 2
McEwan (2017) 1 1 1 1 1 1 1 1 1 1 1
Mogilever (2018) 1 1 1 1 1 2 x x x x x
Muller (2015) 1 1 1 1 1 2 x x x x x
Naikar (2006) 1 1 2 x x x x x x x x
Ornato (2014) 1 2 x x x x x x x x x
Paris (2010) 2 x x x x x x x x x x
Pratoom (2018) 1 1 1 1 1 1 1 1 1 1 2
Propp (2010) 1 1 1 1 1 2 x x x x x
Ricci (2012) 1 2 x x x x x x x x x
Salas (2008) 1 1 1 1 1 1 1 1 1 1 1
Ulrich (2017) 2 x x x x x x x x x x
Usman (2018) 1 1 1 1 1 2 x x x x x
Weaver (2010) 1 1 1 1 2 x x x x x x
Weiss (2016) 1 2 x x x x x x x x x
Wilson (2007) 1 1 2 x x x x x x x x
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Table 7: CASP questionnaire
Literature Review Qualitative Study
1. Did the review address a clearly focused question?
Answered 1 if the question was easily answerable 
through a yes or no question
1. Was there a clear statement of the aims of the research?
Answered 1 if the question was easily answerable 
through a yes or no question
2. Did the authors look for the right type of papers?
Answered 1 if a systematic literature search was 
performed, including listings of keywords and 
databases 
2. Is a qualitative methodology appropriate?
Answered 1 if the methodology best used surveys or 
interviews, as opposed to quantitative measures
3. Do you think all the important, relevant studies were 
included?
Answered 1 if a systematic literature search was 
performed, including listings of keywords and 
databases 
3. Was the research design appropriate to address the 
aims of the research?
Answered 1 if the methodology best used surveys or 
interviews, as opposed to quantitative measures
4. Did the review’s authors do enough to assess quality 
of the included studies?
Answered 1 if the authors discussed the merits and 
drawbacks of each paper
4. Was the recruitment strategy appropriate to the aims of 
the research?
Answered 1 if the local population used in the study 
addressed the research question
5. If the results of the review have been combined, was 
it reasonable to do so?
Answered 1 if the authors combined papers and 
explained their similarities and differences
5. Was the data collected in a way that addressed the 
research issue?
Answered 1 if survey or interview methodologies was 
appropriate for the research issue; in many cases, 
authors did surveys or interviews where quantitative 
methodologies would have been more appropriate
6. What are the overall results of the review?
Answered 1 if the results were clearly outlined and if 
possible, included some numerical results
6. Has the relationship between researcher and 
participants been adequately considered?
Answered 1 if this was discussed in the paper
7. How precise are the results?
Answered 1 if the results included at least a nod to 
numbers, statistics or figures, since precision requires 
quantification 
7. Have ethical issues been taken into consideration?
Answered 1 if ethical issues were discussed
8. Can the results be applied to the local population?
Answered 1 if the results in the paper were useful to the
local population studied
8. Was the data analysis sufficiently rigorous?
Answered 1 if there was a clearly outlined procedure for 
data analysis, ideally with at least a nod to numbers, 
statistics or figures
9. Were all important outcomes considered?
Answered 1 if the paper included related literature 
from a rigorous literature search, as outlined in 
previous questions
9. Is there a clear statement of findings?
Answered 1 if there was a clear summary of the findings
10. Are the benefits worth the harms and costs?
Answered 1 if the paper was useful for the field of 
research this dissertation is studying
10. How valuable is the research?
Answered 1 if the paper was useful for the field of 
research this dissertation is studying
It should be noted that this analysis was performed by the PI alone, and is subject to the 
usual questions about bias and experience in taking into account the answers to the questions. 
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Also, as mentioned before in Method, the listed papers are not necessarily related to HRO and 
ICE, because the search methodology did not specifically seek those types of papers. It should be
noted, however, that several of the papers that appeared in the search had relevance to space or 
aviation (e.g., Beaty et al., 2019; Ricci et al., 2012; Mogilever et al., 2018) ICE (e.g., Bell, 
Brown, Shanique & Mann, 2018; Håvold, Nistad, Skiri & Ødegård, 2015) and the possible HRO 
environment of nuclear power plants (e.g., Carroll, 2006; Chrichton & Flin, 2004; Huang & 
Hwang, 2009). Several were also authored or co-authored by Edmund Salas, who has studied 
teams working together in space exploration (e.g. Day, Gronn & Salas, 2004; Marlow, 
Lacerenza, Paoletti, Burke & Salas, 2004; Paris, Salas & Cannon-Bowers, 2000; Salas, 
Dizagranados, Klein, Burke, Stagl, Goodwin & Haplin, 2008). This does show that the subset of 
papers has applicability to the research question, at least so far as the topic.
Elimination by aspects showed that many papers were felled by matters such as if the 
authors used a systematic literature search or selected the right methodology (Q2), or if all of the 
relevant studies were included/if the research design was appropriate (Q3). This shows that many
of the papers considered in the literature search did not make systematic criteria available for 
inclusion and exclusion when conducting studies, or when selecting subjects. Another common 
failure point was Q6: the overall results of the review, or whether the relationship between 
researcher and participants was adequately considered. Many literature review papers failed to 
clearly outline their results, while a number of qualitative studies did not outline the ethical 
procedures taken to ensure protection of their subjects during interviews.
Only six of the original list of 31 papers had qualitative criteria strict enough to receive 
positive answers for each of the 10 CASP questions, meaning they met criteria such as rigorous 
study designs, precisely defining inclusion and exclusion criteria, ethical procedures were 
considered, and the results were adequately analyzed. Of those six papers, just two studies had 
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applicability to answering the research question for this study:"Does this paper grade or address 
team size with relation to error?" Admittedly, there was little attention paid to team size in either 
of these studies. 
McEwan, Ruissen, Eys, Zumbo, Beauchamp (2017) said there was little reliability across 
studies to consider the impact of team size on team performance (which could include error, but 
not necessarily include error). The study aimed to broadly examine the concept of teamwork in a 
wide variety of fields, including military, aviation, health care and academic settings. The 
purpose of the McEwan et al. study was "to better understand the utility of teamwork training for
enhancing team effectiveness", comparing those teams that had received training with those who 
had not, across a meta-analysis. They then examined how any teamwork interventions affected 
processes and/or performance across the team. The authors had planned to include team size as a 
moderator within the intervention, but said there was "an insufficient amount of reliable data 
across the studies on these variables" to conduct an analysis of this kind of subgroup. Many 
organizations (such as hospitals) listed the number of participants in a study, but neglected to 
mention the size of the participating teams, they added. Team size, as long as length of/contact 
time with the intervention, both had "a paucity of information available in the included 
manuscripts", which McEwan et al. listed as a major limitation in conducting their meta-analysis.
Similarly, Salas, Diazgranados, Klein, Burke, Stagl, Goodwin, and Halpin (2008) also 
examined the matter of training interventions to enhance team outcomes such as cognitive 
outcomes, affective outcomes, teamwork processes, and performance outcomes. They performed
several meta-analytic integrations, studying a database of 93 effect sizes representing 2,650 
teams. The researchers said that one mitigating factor in their study was determining the 
"sufficient" number of members to complete a task, because there have been mixed results 
examining the size of a team compared to its effectiveness; specifically, large teams are 
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sometimes identified with better effectiveness, while sometimes they are associated with less 
coordination and certain process losses. They did not identify a lack of documentation 
concerning team size as a factor in their analysis, though. They in fact found enough studies on 
team size to create groupings of small teams (n = 2), medium teams (2 < n < 5) and large teams 
(n ≥ 5). Further analysis of the selected studies, however, showed difficulties in isolating effects 
for different sizes of teams, presumably due to small sample sizes. This meant that the "diverse 
set of findings does not provide any appreciable level of support" for their hypothesis, which 
stated that team training would be most beneficial for large and small teams.
This analysis of the 31 studies thus provides insufficient information to accept either 
Hypothesis 1 or its null forms, and is hence, inconclusive. There is not enough information in the
surveyed literature to definitively link team size with error. Error may be contained in broader 
terms in the literature such as "performance", but as the literature did not necessarily contain this 
link, it is hard to say definitively whether that is a metric of how other teams considered 
performance.
Hypothesis 2: Leadership and human error
Hypothesis 2 states that transformational leaders in ICE reduce the number of human 
errors compared with transactional leaders, based on Bass (1990). Results at the ILMAH actually
showed the opposite, that transactional leadership was more effective in the ICE environment. 
Moreover, the approach by leaders was situational rather than fixed, as one crew member 
changed leadership styles between missions. While this finding might be related to the 
experience level of the subjects, that aspect was not considered for this study.
As explained previously, the three participating crew members at ILMAH in each of the 
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two missions were evaluated against a Schwartz scale of values: Achievement, Benevolence, 
Conformity, Hedonism, Power, Security, Self-direction, Tradition and Universalism. Three 
coders participated in the analysis of each mission, and a Pearson correlation was performed 
among the coders on each occasion. In most cases, the correlation was well above 0.7. A handful 
of metrics had lower agreement with the coders, most particularly in instances when a Schwartz 
value had a low number of raw observations. For example: while analyzing Mission 2, Coder 3 
found a 0 raw count for Universalism. In that case, it was impossible to perform a Pearson 
correlation.
The coders were instructed to apply the Schwartz values to the transcripts in the 
following matter: for Achievement, celebrating success of a task; for Benevolence, through crew 
members acknowledging each other through questions, thank-yous and the like; through 
Conformity, performing jokes or other actions to appear congruent with the crew; for Hedonism, 
sarcasm or satisfying a bodily need like burping; for Power, a crew member giving an order; for 
Security, speaking about matters of security or safety; for Self-Direction, a crew member making
a decision or judgment (such as uttering that a task is complete); for Stimulation, describing 
something novel in the observations (such as planes in the sky); for Tradition, a crew member 
describing how something was always done; and for Universalism, referring to a shared 
experience such as a movie. The partial transcript below from one of the EVAs shows how one 
coder, who will be kept anonymous, coded the utterances:
Subject 2 – Okay. (BENEVOLENCE)
Subject 3 – There. (ACHIEVEMENT)
Subject 2 – How can I turn it on? (BENEVOLENCE)
Subject 1 – Very nice. (BENEVOLENCE)
Subject 2 – All right. Is it already recording? (BENEVOLENCE)
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Subject 2 – Mmhmm … it's already recording. All right. (SELF-DIRECTION)
Pearson values for pairs of coders are compared below for Mission 1 (Table 8) and 
Mission 2 (Table 9). Mission 1 included the PI, Coder 1 and Coder 2. In Mission 1, while there 
was a range of Pearson values showing lower and higher correlations, the majority of them were 
well above 0.7.  Mission 2 included the PI, Coder 2 and a new coder (Coder 3). The PI and 
Coder 2 –  presumably by virtue of having worked through the analysis before – mostly scored 
above 0.9 correlation. Pearsons with Coder 3 scored somewhat lower, but the majority were 
above 0.85. 
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Table 8: Pearson Values using raw counts of Schwartz values, Mission 1
PI/Coder 1 PI/Coder 2 Coder 1/Coder 2
Achievement 0.404 0.669 0.950
Benevolence 0.989 0.988 1.000
Conformity 0.984 0.797 0.677
Hedonism 0.866 0.850 1.000
Power 0.994 0.989 0.999
Security 0.933 0.721 0.922
Self-direction 0.999 0.999 1.000
Stimulation 0.500 0.990 0.371
Tradition 0.756 0.866 0.982
Universalism -0.939 -0.661 0.879
Table 9: Pearson Values using raw counts of Schwartz values, Mission 2
PI/Coder 2 PI/Coder 3 Coder 2/Coder 3
Achievement 0.992 0.876 0.930
Benevolence 0.957 0.963 1.000
Conformity 0.991 0.610 0.500
Hedonism -0.870 -0.985 0.941
Power 0.999 0.998 0.995
Security -0.099 0.423 0.860
Self-direction 0.999 0.990 0.994
Stimulation 0.327 0.941 0.629
Tradition 0.982 0.381 0.548
Universalism -0.959 N/A N/A
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As mentioned in Methods, the transcript analysis relied on the individual coders 
performing raw counts of how often each subject expressed each Schwartz value during the 
recordings. The Pearson correlations among these Schwartz values is in Tables 7 and 8. The goal 
of Hypothesis 2, however, is to see how individual subjects perform in terms of leadership style. 
This means breaking down the Schwartz values into a form that can be converted into the 
leadership styles of transformative, transformational and transactional.
The first step was to obtain the percentage of time each subject expressed a particular 
Schwartz value during their mission. Since each coder had different values for the individual 
subjects they studied, an average/mean among the coders was obtained to simplify analysis. A 
standard deviation was computed to measure variation. The results are in Tables 10 and 11.
Table 10: Averaged Schwartz values as a function of frequency, Mission 1
Average of PI, Coder 2 and Coder 3
Subject 117 Subject 385 Subject 458 Standard Deviation
Achievement 1.45% 2.06% 1.66% 0.25
Benevolence 37.82% 44.02% 37.34% 3.04
Conformity 1.66% 1.18% 1.76% 0.25
Hedonism 4.84% 2.39% 9.60% 2.99
Power 11.50% 13.73% 11.76% 0.99
Security 0.42% 1.18% 0.90% 0.31
Self-direction 38.61% 32.02% 30.80% 3.43
Stimulation 1.29% 0.85% 1.41% 0.24
Tradition 0.85% 0.99% 1.41% 0.23
Universalism 1.56% 1.57% 3.37% 0.85
Sum 100% 100% 100% N/A
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Table 11: Averaged Schwartz values as a function of frequency, Mission 2
Average of PI, Coder 1 and Coder 2
Subject 1 Subject 2 Subject 3 Standard Deviation
Achievement 2.16% 1.27% 1.25% 0.4243426289
Benevolence 48.37% 57.20% 58.67% 4.548745859
Conformity 0.84% 1.74% 1.21% 0.36935379
Hedonism 3.86% 5.34% 6.09% 0.9265107783
Power 15.25% 10.42% 9.40% 2.551509357
Security 0.65% 0.53% 0.50% 0.06480740698
Self-direction 25.68% 20.93% 19.44% 2.660831115
Stimulation 1.02% 0.67% 1.03% 0.1673983937
Tradition 1.12% 0.63% 0.68% 0.220151463
Universalism 1.05% 1.27% 1.74% 0.2877885026
Sum 100% 100% 100% N/A
ICE studies are commonly criticized for their statistical approach. A meta-analysis of ICE
studies (Golden, Chang and Kozlowski, 2018) criticizes several papers for using mean, standard 
deviation and bi-variate correlations to measure variations in tiny populations, since these 
statistical measures show a wide variance. The paper notes: "Future ICE researchers should use 
statistical models that allow them to identify significant relationships, make causal inferences, 
and account for nesting", but adds no constructive suggestions for undertaking this. (Ibid.) Tables
9 and 10 show that benevolence, power and self-direction tend to score very high among the 
coded subjects, whereas security, tradition and stimulation tended to score very low. 
In Table 12, Subject 117 scored first rank in Self-direction, Subject 385 scored first in 
Achievement, Benevolence, Power and Security, and Subject 458 scored first in Conformity, 
Hedonism, Stimulation, Tradition and Universalism. In Table 13, Subject 1 scored first rank in 
Achievement, Power, Security, Self-direction and Tradition, Subject 2 scored first in Conformity,
and Subject 3 scored first in Benevolence, Hedonism, Stimulation and Universalism.
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Table 12: Rankings of Schwartz Values, Mission 1
Percentages Rankings
Subject 117 385 458 117 385 458
Achievement 1.45% 2.06% 1.66% 3 1 2
Benevolence 37.82% 44.02% 37.34% 2 1 3
Conformity 1.66% 1.18% 1.76% 2 3 1
Hedonism 4.84% 2.39% 9.60% 2 3 1
Power 11.50% 13.73% 11.76% 3 1 2
Security 0.42% 1.18% 0.90% 3 1 2
Self-direction 38.61% 32.02% 30.80% 1 2 3
Stimulation 1.29% 0.85% 1.41% 2 3 1
Tradition 0.85% 0.99% 1.41% 3 2 1
Universalism 1.56% 1.57% 3.37% 3 2 1
Table 13: Rankings of Schwartz Values, Mission 2
Percentages Rankings
Subject 1 2 3 1 2 3
Achievement 2.16% 1.27% 1.25% 1 2 3
Benevolence 48.37% 57.20% 58.67% 3 2 1
Conformity 0.84% 1.74% 1.21% 3 1 2
Hedonism 3.86% 5.34% 6.09% 3 2 1
Power 15.25% 10.42% 9.40% 1 2 3
Security 0.65% 0.53% 0.50% 1 2 3
Self-direction 25.68% 20.93% 19.44% 1 2 3
Stimulation 1.02% 0.67% 1.03% 2 3 1
Tradition 1.12% 0.63% 0.68% 1 3 2
Universalism 1.05% 1.27% 1.74% 3 2 1
Finally, the Schwartz scale was compared to the three leadership constructs 
(transformational, transactional and transformative) proposed by Sarid. Sarid's leadership 
constructs were previously discussed in Table 4. In Tables 13 and 14 below, each individual 
subject is placed against transformational, transformative and transactional leadership styles. 
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Transformational leadership includes Achievement, Power, Self-direction and Stimulation. 
Transformative leadership includes Benevolence, Self-direction, Stimulation and Universalism. 
Transactional leadership includes Achievement, Conformity, Power, Security and Tradition. 
Thus, the leadership style was obtained for each subject by finding the combination of Schwartz 
characteristics (as characterized by the above leadership styles) with the highest rankings.
In Table 14 encompassing Mission 1, Subject 117 showed the highest ranking in 
transformative leadership, while Subjects 385 and 458 showed the highest ranking in 
transactional leadership. In Table 15 below encompassing Mission 2, Subject 3 showed the 
highest ranking in transformative leadership, while Subjects 1 and 2 showed the highest rankings
in transactional leadership.
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Table 14: Leadership styles (in gray) by ranking frequency count, Mission 1
Transformational Subject 117 Subject 385 Subject 458
Achievement 3 1 2
Power 3 1 2
Self-direction 1 2 3
Stimulation 2 3 1
Frequency, #1 ranking 1 2 1
Frequency, #2 ranking 1 1 2
Transformative Subject 117 Subject 385 Subject 458
Benevolence 2 1 3
Self-direction 1 2 3
Stimulation 2 3 1
Universalism 3 2 1
Frequency, #1 ranking 1 1 2
Frequency, #2 ranking 2 2 0
Transactional Subject 117 Subject 385 Subject 458
Achievement 3 1 2
Conformity 2 3 1
Power 3 1 2
Security 3 1 2
Tradition 3 2 1
Frequency, #1 ranking 0 3 2
Frequency, #2 ranking 1 1 3
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Table 15: Leadership styles (in gray) by ranking frequency count, Mission 2
Transformational Subject 1 Subject 2 Subject 3
Achievement 1 2 3
Power 1 2 3
Self-direction 1 2 3
Stimulation 2 3 1
Frequency, #1 ranking 3 0 1
Frequency, #2 ranking 1 3 0
Transformative Subject 1 Subject 2 Subject 3
Benevolence 3 2 1
Self-direction 1 2 3
Stimulation 2 3 1
Universalism 3 2 1
Frequency, #1 ranking 1 0 3
Frequency, #2 ranking 1 3 0
Transactional Subject 1 Subject 2 Subject 3
Achievement 1 2 3
Conformity 3 1 2
Power 1 2 3
Security 1 2 3
Tradition 1 3 2
Frequency, #1 ranking 4 1 0
Frequency, #2 ranking 0 3 2
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Results
The results showed a mix of transformative and transactional leadership styles, with no 
one crew member registering as transformational. A crew member participating in both missions 
appeared to switch leadership styles, suggesting that leadership style may change according to 
the context. The final step was to see which leadership style – transactional or transformative – 
was less prone to errors. Errors were counted for each ILMAH mission directly from the 
transcripts themselves, and the accounts of the crew as written in mission reports. Participants in 
each resolution decision were noted, as well as the person or persons who made the resolution. In
Mission 1, 38 errors were recorded. Mission control fixed 8 errors alone, while crew members 
participated in the resolution of 30 errors. Of those 30 resolutions, 22 were from crew members 
predominantly showing transactional leadership, and 6 were from crew members predominantly 
showing transformative leadership. In Mission 2, 23 errors were recorded. Mission control 
resolved four errors alone, while crew members participated in the resolution of 19 errors. Of 
those 19 resolutions, 16 were from crew members predominantly showing transactional 
leadership, while 3 were from crew members predominently showing transformative leadership. 
To summarize, this meant that in the majority of cases, transactional leadership was 
displayed during resolution of errors, such as misunderstanding procedures. While the results are 
counterintuitive considering the research question, there is a small body of leadership suggesting 
at least one aspect of transactional leadership is used in extreme environments, although the 
characteristics border with transformational leadership. Perhaps more research that better defines
the boundary would be useful. The aspect of conscientiousness, which is needed for detail-
oriented procedures, actually lies at the boundary of transactional and transformational 
leadership (Tejeda, Scandura, & Pillai, 2001). Specifically, conscientiousness includes both 
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contingent rewards (an aspect of transactional leadership) and a positive attitude towards the 
leader (a link to transformational leadership). However, when conscientiousness is considered 
with other aspects within the full leadership model, at least one study found that statistical 
significance with transactional and transformational leadership could not be found when taking 
other factors into account (Hetland, Sandal & Johnsen, ibid). Also, other parts of the literature 
suggest that conscientiousness is far more appropriate for transformational leaders, since leaders 
who are transformational (as well servant-leadership) create work environments that allow 
followers to work towards goals (Lord, 1985; Keller, ibid), although where conscientiousness 
ranks in terms of positive follower behavior – and whether that is linked more to 
transformational leadership – is still an active field of study. (Wang, Van Iddekinge, Zhang & 
Bishoff, 2019).
Summary and Future Work
Validity could be determined in larger-scale ICE studies (such as in Antarctica) or it could
be compared against the transcripts of the early NASA missions (e.g. Mercury, Gemini and 
Apollo) that are publicly available and could be used for a similar study.
The transactional leaders may do better than other leadership styles because they focus on
avoiding mistakes (Bass, 1990). It is unclear from the transcripts whether the transactional 
leaders were focused on error avoidance ahead of the mission, because these conversations 
would have taken place "offline" (inside the ILMAH, when the crew members were not 
recorded). It is possible that the transactional leaders would have gone over the list of EVA tasks 
beforehand and searched for ways of following procedures and minimizing mistakes before 
undertaking the work (Miller, 2011; Qing, Bligh & Kohles, 2014; Morsiani, Bagnasco & Sasso, 
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2016), a practice that may lead to less team satisfaction due to the emphasis on fault-finding 
(Cummings et al., 2010; Casida & Parker, 2011; Morsiani, Bagnasco & Sasso, ibid). 
Alternatively, the transactional leaders may have been more sensitive in-situ to mistakes as they 
were happening, allowing for quicker resolution of any errors (Reamer, 2005), although there are
worries that transactional and laissez-faire leadership are more destructive than constructive in 






Hypothesis 1 stated the error rate of a team's actions is inversely related to the size of the 
team. Neither it or the null hypothesis can be accepted. A literature search was performed for 
references of team size and error in the literature, using strict parameters for the databases and 
the search terms. The analysis yielded 31 candidate papers, which were analyzed qualitatively 
using the CASP methodology. Papers were systematically eliminated by means of evaluating 
each question with a "yes" or "no"; after a paper received a no, it would be removed from further
consideration through the elimination by aspects methodology. Of those 31 papers, only two had 
meaningful discussion of the team size and error variables. It is thus possible the assumptions 
underlying Hypothesis 1 was flawed, and that there may be no correlation between size and 
error. For now, though, the evidence only points to an inconclusive answer to Hypothesis 1.
Teams working in HRO and ICE must contend with the possibility of errors and ways to 
prevent these errors from occurring, which usually demands a multi-faceted approach examining 
factors such as procedures, environment, team size, human factors and much more. Human error 
is often cited as a crucial factor in society-critical accidents found in aviation and medicine, for 
example; in spaceflight, where systems are tightly coupled with each other, human error was 
included as one of the factors in the fatal Columbia and Challenger incidents. Determining 
sources of error is thus crucial not only to preventing individual incidents, but in many cases, 
improving societal safety as a whole.
Hypothesis 2 stated that transformational leaders in ICE reduce the number of human 
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errors compared with transactional leaders, based on Bass (1990). Two crews in a simulated ICE 
environment, the ILMAH, were recorded during their EVAs and evaluated for styles of 
leadership, as well as types of errors and their resolutions. Transcripts of the EVAs were 
generated and then evaluated qualitatively by a set of three coders per mission, against a list of 
characteristics from Schwartz (1990) that were fed into leadership values suggested by Sarid 
(2016). The sample size of ILMAH participants was five people, which is similar in size to other 
ICE studies. The type of leadership style recorded showed a slight preference for transactional 
leadership, which was opposite to the hypothesis, but could be explained because the aspect of 
conscientiousness lies on the boundary between transactional and transformational leadership. 
The small sample size of participants may also have played a role in the counterintuitive results.
Unfortunately the number of studies discussing leadership approaches in ICE remains 
small, although approaches such as contingency-based leadership (Stuster, ibid) and 
transformational leadership (Lowe, Kroeck & Sivasubramaniam, ibid) were identified in larger 
literature reviews. Transactional leadership is not as widely discussed, which suggests that 
leadership approaches and their effects on error (if any) should be examined in ICE in multiple 
environments, including space analogs and space itself. Future missions should use a variety of 
methodologies, including questionnaires, surveys and listening to recordings, to obtain 
information about leadership style and how that affects mission operations. Once enough 
information is gathered, perhaps a meta-synthesis or meta-analysis of these individual missions 
may be performed. However, as is always the situation in ICE, it will take some time to assemble
a meaningful statistical sample because each individual mission is limited to a few participants. 
It may be several years, or perhaps a decade, before enough reliable and rigorous information is 
accumulated so that researchers can make meaningful studies of leadership in ICE. It is unclear 
what kind of leadership is best due to the paucity of research, so the more information 
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accumulated, the more benefit there will be for future crews.
Limitations
Missions at the ILMAH are assumed to be a representative of ICE, especially that of 
spaceflight. In a fashion similar to a space mission, crew members are placed into an artificial 
enclosed environment, they communicate with others through radio, they only go outside in 
spacesuits and they perform a variety of scientific and technology-focused tasks during their 
working hours. However, the ILMAH is not a perfect spaceflight replicator, as it does not include
factors such as highly trained astronaut crews, daily work in weightlessness, a non-oxygenated 
environment outside of the living quarters, and the requirement to travel to and from the living 
quarters using a spacecraft. These factors may influence how the missions are performed and 
how the participants react to circumstances within the mission, such as leadership.
It is further unclear whether the ILMAH missions represent HRO, because HRO has only
been proven in very limited conditions (such as crews on nuclear submarines) due to the exacting
definition, and after the crews were studied for HRO characteristics over several weeks or 
months. (Rochlin, La Porte & Roberts, 1987). There also has been little study across the 
literature of HRO in relation to ICE, which indicates a possible future direction for researchers to
consider when studying leadership in these environments.
Sample size in this study is limited essentially by definition of ICE, which involves 
subjects that are isolated and confined. The isolation restricts access to the subjects. Hence, 
observation is challenging and often requires proxies such as recording or journaling, which are 
often limited to take crew time into account. Intrusive observation is not usually consistent with 
achieving mission success, unless the Hawthorne effect is triggered.
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The meta-synthesis set may face two challenges in generalization. First, its sources 
included a database that not all researchers can access – namely, the Chester Fritz Library, 
nominally restricted to UND scholars. The dataset was supplemented with papers found on 
NTRS, but the inclusion of the closed dataset may preclude wide use by other researchers. It is 
also probable that Chester Fritz, although it has a strong source of papers with applicability to 
spaceflight, does not capture all of the available literature. Meta-syntheses of other databases 
may thus produce very different results. 
The second challenge is that of using the CASP analysis itself. While the analysis was 
documented here, the analysis is qualitative and relies on researcher judgment in answering the 
questions. Among different researchers, there may be different interpretations of the answers to 
the questions, which may considerably alter the results. CASP also thus not include the results of
quantitative studies, which was a large factor in reducing the initial 106 studies found to the 31 
that were used for later CASP analysis. 
Recommendations for further research
Beyond the recommendations listed above for improving the field of research as a whole 
for future studies of team size, error and leadership, a selection of recommendations for future 
studies in a similar ICE environment are considered. 
One possibility is examining transactional leadership and its possible success in error 
prevention by asking the ILMAH participants to keep journals describing their preparation for 
EVA, as well as their priorities during EVA. The journals should encompass a span of time 
before, during and after the mission to evaluate variation of results in isolated and non-isolated 
conditions. The journal entries could address how individual crew members consulted necessary 
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procedures (for example, whether they focused on following procedures to the letter, or focused 
on finding possible flaws in the procedures that could lead to error-making) and then also address
the approach these crew members took as errors were happening in the field – how those errors 
were noticed, and how they were addressed. 
The Schwartz scale in relation to ILMAH participants' transcripts may be expanded to 
other missions and to other analogs (HERA, NEEMO, HI-SEAS and the like) to determine the 
efficacy of the scale and whether it has relevance for other ICE environments. In particular, it 
would be useful to determine the statistical validity of the scale, since in this particular instance 
the variance among individual coders exceeded standard deviation. A broader cross-section of 
participants than students from a single post-secondary institution would also be useful, to 
account for population bias.
Future studies could seek published literature about the degree of external reliability 
monitoring in larger ICE environments, to better determine how applicable these are to HRO. In 
support of Hypothesis 2, future studies could examine the possible link between transactional 




EPSCoR Experimental Program to Stimulate Competitive Research
EVA Extra Vehicular Activity
HERA Human Exploration Research Analog
HI-SEAS Hawai'i Space Exploration Analog and Simulation
HRO High Reliability Organization
ICE Isolated, Confined Environment
IMLAH Inflatable Lunar/Martian Analog Habitat
MDRS Mars Desert Research Station
NASA National Aeronautics and Space Administration
NEEMO NASA Extreme Environment Mission Operations
NPM New Public Management
NTRS NASA Technical Reports Server
PI Principal Investigator
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